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Hearing instrument fitting with infants and young children differs in several important ways
relative to the fitting process with adults. In developing the Desired Sensation Level method,
we have attempted to account for those factors that are uniquely associated with pediatric
hearing instrument fitting. Within this article we describe how the external ear acoustics of
infants and young children have been systematically accounted for in developing the Desired
Sensation Level method. Specific evidence-based procedures that can be applied with infants
and young children for the purposes of audiometric assessment, electroacoustic selection,
and verification of hearing instrument performance are described.
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Introduction

It is now possible to identify hearing loss in early
infancy. Consequently, early hearing detection
and intervention programs are being implement-
ed worldwide. It is a generally accepted goal of
such programs to enroll infants in comprehensive
and effective family-centered intervention pro-
grams by 6 months of age. A second recent de-
velopment in the hearing health care field relates
to the availability of a new generation of fully dig-
ital hearing instruments. These new hearing aids
embody a remarkable array of capabilities and
options. However, a real challenge to profession-

als working with these early-diagnosed infants is
to know how to achieve the best match between
the unique auditory characteristics of each infant
and the advanced and relatively complex capa-
bilities that are now available in modern digital
hearing instruments. Without the application of
scientifically based approaches to fitting, it is pos-
sible for a hearing aid fitting to be well off the
mark. An unfortunate consequence of an inaccu-
rate fitting is to lose the developmental advan-
tages in auditory learning that result from early
identification. 

Our clinical research program in pediatric
hearing aid fitting has evolved from the innova-



tive approaches to pediatric hearing aid fitting
that emerged in the 1970s (Byrne and Fifield,
1974; Erber, 1973; Gengel, Pascoe and Shore,
1971; Erber, 1973; Ross, 1975) and is based on
the premise that the process of fitting amplifica-
tion in infants and young children differs in sev-
eral important ways relative to the fitting of hear-
ing aids in adults. This has led to the develop-
ment and evaluation of child-friendly protocols
for the selection and verification of hearing aids
aimed at ensuring the consistent provision of au-
dibility of speech (Bagatto, 2001; Bagatto et al.,
2002; Gagné et al., 1991a and 1991b; Moodie et
al., 1994 and 2000; Scollie and Seewald, 2002a
and 2002b; Scollie et al., 1998; Seewald et al.,
1993, 1996, 1997, and 1999; Sinclair et al., 1996;
Stelmachowicz et al., 1998; Seewald and Scollie,
1999; Zelisko et al., 1992). Within this paper we
will consider the major points Marcoux and
Hansen (this issue) discuss relative to the proce-
dures we have developed and implemented with-
in the Desired Sensation Level (DSL) method for
pediatric hearing instrument fitting.

Audiometric Considerations

One of the major issues Marcoux and Hansen
raise relates to the validity of audiometric data
that is used for prescribing hearing instrument
performance in infants and young children.
Marcoux and Hansen observe that most infants
have smaller external ears than most adults and
conclude that this fact has implications for both
audiometric assessment and the electroacoustic
fitting of hearing instruments in infants. They also
observe that prescriptive approaches to hearing
instrument fitting calculate the desired electroa-
coustic performance characteristics for an indi-
vidual on the basis of audiometric threshold val-
ues, typically defined in dB HL. Thus, as they cor-
rectly point out, the appropriateness of the pre-
scription is directly linked to the validity of the
threshold estimates that are applied within the
prescriptive process. 

Marcoux and Hansen conclude that the valid-
ity of audiometric data collected in dB HL in in-
fants and young children is open to question, par-
ticularly for the purposes of hearing instrument
prescription and fitting. We certainly agree with
this conclusion. In fact, in our paper entitled
“Infants are not Average Adults: Implications for

Audiometric Testing” (Seewald and Scollie, 1999)
we discussed the very same concerns regarding the
use of the dB HL reference in pediatric testing.

In routine clinical practice, it is assumed that
when any of the standard signal transducers (ie,
sound field loudspeaker, TDH-series earphone,
and insert earphone) are used to measure hearing
sensitivity, the results, expressed in dB HL, will
be equivalent regardless of the signal transducer
used in the testing. This assumption generally
holds in the audiometric testing of adult listeners
because the reference equivalent threshold SPLs
(RETSPLs) for the sound field, supra-aural, and
insert earphone conditions have been derived
from group data collected with normal adult sub-
jects. However, when hearing is measured in dB
HL, equivalence across audiometric conditions
(ie, signal transducers) cannot be assumed in the
testing of infants and young children (Seewald
and Scollie, 1999).

This problem can be explained by what is
known about the transfer of sound from audio-
metric signal transducer to the eardrum of infants
and young children (Feigin et al., 1989; Kruger,
1987; Lewis and Stelmachowicz, 1993). When
hearing sensitivity is measured in dB HL, the au-
diometric calibration includes average adult ear
canal resonance: this assumes that we are testing
an individual who has the physical characteristics
of the “average adult.” Unfortunately, because of
head size and external ear geometry, this as-
sumption is violated in the testing of infants and
young children. Consequently, in the audiomet-
ric testing of infants and young children, different
hearing level estimates will be obtained depend-
ing on which signal transducer is used to perform
the test (Seewald and Scollie, 1999). 

Marcoux and Hansen have illustrated this
problem graphically in Figure 1, a figure that they
have adapted from our earlier publication
(Seewald and Scollie, 1999). Furthermore, on the
basis of available data (Bagatto et al., 2002;
Feigin et al., 1989; Kruger, 1987; Lewis and
Stelmachowicz, 1993), it can be predicted that
the magnitude of these “signal transducer effects”
increases inversely with age. For example, we
would predict greater differences in hearing levels
measured across the three signal transducers for a
7-month-old infant relative to those obtained for
an 18-month-old child.

As Dillon (2001) has recently observed, this
problem has two equally effective solutions and
both have been implemented within the DSL soft-
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ware systems for the past decade (Seewald et al.,
1993 and 1997). The first solution is to express
audiometric measures in dB SPL in the ear canal,
rather than using dB HL. The second is to correct
for the difference in external ear acoustics be-
tween the infants and the “average adult” and to
apply this correction in predicting the hearing
threshold level that an average adult would have
if the adult had the same threshold in dB SPL at
the eardrum as the infant (Dillon, 2001). These
corrected hearing levels are referred to as “pre-
dicted hearing levels” (HLp) within the DSL soft-
ware systems (Seewald et al., 1993 and 1997)
and as ”equivalent adult hearing levels” in the
NAL-NL1 procedure (Dillon, 1999; also see Ching
and Dillon, this issue). For reasons they describe
in some detail, Marcoux and Hansen express a
preference for the second of these two options.

Expressing Thresholds in dB SPL 
in the Ear Canal

Over the years, many have asked why we have
recommended that audiometric variables be de-
fined in dB SPL in the ear canal. One reason is
contained within the preceding discussion re-
garding the invalidity of dB HL measures for pe-
diatric applications. By expressing audiometric
variables in dB SPL in the ear canal, the problems
associated with average adult-referenced HL mea-
sures are resolved. As we have stated elsewhere
(Seewald and Scollie, 1999), the SPL at the

eardrum required to hear a given test signal will be
the same regardless of the transducer that is used to
deliver the signal. Thus, the problem described by
Marcoux and Hansen can be eliminated by simply
moving to a different point of reference in ex-
pressing auditory threshold values (ie, dB SPL in
the ear canal). In addition to solving this prob-
lem, a further advantage of defining audiometric
variables in dB SPL, and plotting them in the
SPLogram format, is that the important interrela-
tionships among hearing and hearing instrument
performance variables can be studied and evalu-
ated (Scollie and Seewald, 2002a; Seewald et al.,
1996). Within the following section, we describe
how this approach to audiometric variable defin-
ition is implemented within the current version
of the DSL®[i/o] software system (Seewald et al.,
1997).

Assessment Procedures

For the reasons discussed to this point, it is im-
portant to know which of the alternative signal
transducers has been used in audiometric assess-
ment. Consequently, the DSL software system re-
quires that the transducer used in testing be spec-
ified. Figure 2 shows the pull-down menu for
Assessment. The clinician uses the menu to indi-
cate which of the alternative signal transducers
has been used in audiometry. Note that the op-
tions include the ER-3A insert earphone, TDH-se-
ries headphones, and the sound field loudspeaker
located at 0°, 45°, or 90° azimuth. This menu dis-
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Figure 1. Illustration of how audiometric thresholds,
measured in dB HL, are transformed in the DSL®[i/o]
v4.1 software system to predict the ear canal level in dB
SPL. When possible, infant-specific RECD values are
applied in the transformation process.

Figure 2. Pull-down menu from the DSL®[i/o] v4.1
software system for selecting the transducer type used in
audiometric testing.



plays two additional options. It is also possible to
measure hearing using the infant’s custom ear-
mold coupled to an insert earphone, or to make
direct SPL measures, using a probe microphone,
of the ear canal level during audiometric testing
(ie, real-ear SPL). Consequently, menu choices
are available to support the implementation of
these two measurement options. 

As shown in Figure 3, the software system
also requires information regarding which HL to
SPL transform to apply to the entered audiomet-
ric data. If the clinician selects the “predicted” op-
tion, the software retrieves and applies a set of
average age-appropriate values to transform the
entered dB HL values to dB SPL in the ear canal.
However, the clinician also has the option to mea-
sure the appropriate transform (ie, real-ear to
coupler difference [RECD], real-ear unaided re-
sponse [REUR], real-ear to dial difference
[REDD]) for the transducer used in the audio-
metric testing. Several years ago, we reported
data that address the predictive validity of this
approach to transforming audiometric data from
HL to ear canal SPL (Scollie et al., 1998).

As we have stated elsewhere (Seewald and
Scollie, 1999), regardless of whether an electro-
physiologic or behavioral method is used in
threshold estimation with infants, we recommend
the use of an insert earphone for audiometry,
whenever possible. Because the insert earphone
is calibrated in a 2 cc coupler, the coupler SPL is
known for any dB HL attenuator setting on the
audiometer. The insert earphone is also used to
measure the infant’s RECD values across frequen-
cies. Thus, it is possible to simply add the RECD

values to the 2 cc coupler levels for threshold to
derive a prediction of the ear canal level at
threshold for the infant. The process for predict-
ing the ear canal SPL at threshold is illustrated in
Figure 1. 

For the purposes of clinical implementation,
this approach to expressing audiometric thresh-
olds can be facilitated by having the software sys-
tem keep track of the necessary details and per-
form the required computational work. In clini-
cal practice, we would need to perform two mea-
surements. First, we would measure the infant’s
thresholds using an insert earphone and record
the dB HL values across frequencies. Second, we
would measure the infant’s RECD according to
the procedures described by Moodie et al. (1994).
As shown in Figure 4, the dB HL and RECD values
are entered into the software system. Once these
values have been entered, the software has all of
the information it needs to calculate the predict-
ed ear canal SPL thresholds for the infant. In the
DSL method, these ear canal SPL thresholds are
used for computing the prescriptive targets for
amplification, rather than the HL thresholds. 

When this approach to defining audiometric
measures is taken, the acoustic transform applied
in the prediction of ear canal SPL at threshold is
not derived from adult data. Rather, it is individ-
ualized for the infant under consideration. This
more individualized approach to threshold defi-
nition has been fully implemented for routine
clinical practice in several contemporary hearing
instrument fitting systems (Cole and Sinclair,
1998; Dillon, 1999; Seewald et al., 1993 and
1997; Stelmachowicz et al., 1994) and was de-
veloped specifically to deal with the concerns
Marcoux and Hansen discussed. 

Predicted Hearing Levels

For a number of reasons, Marcoux and Hansen
argue against expressing audiometric variables in
dB SPL (ear canal level) and in favor of what
Dillon (2001) calls the “equivalent adult hearing
level.” According to Dillon (2001), the threshold
(in decibels equivalent adult hearing level) is “the
hearing threshold level that an average adult
would have if the adult had the same threshold in
dB SPL at the eardrum as the child.” According to
Marcoux and Hansen, the main advantage of the
equivalent adult hearing level is that it provides
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Figure 3. Pull-down menu from the DSL®[i/o] v4.1
software system for selecting the HL to SPL transform to
be applied to the audiometric data.



for a direct comparison between the audiometric
data of a child and that of a normally hearing
adult. 

Under certain specific conditions, this concept
has been implemented in the DSL software sys-
tem for the past decade (Seewald et al., 1993)
and is described in detail in Seewald and Scollie
(1999). Briefly, in the fitting of behind-the-ear in-
struments on infants and young children, we rec-
ommend that, whenever possible, the thresholds
be measured using an insert earphone with the
infant’s custom earmold. Technically speaking,
this approach violates the assumptions for mea-
suring hearing in dB HL using insert earphones.
This is because custom earmolds will typically
have greater tubing length than the standard
foam tip coupling of an insert earphone. The
acoustic effect of the increased tubing length is a
high-frequency roll-off for the custom mold rela-
tive to the response that is measured for the stan-
dard foam tip coupling (Bagatto et al., 2002).
Consequently, when thresholds have been mea-
sured using an insert receiver with the custom
earmold, we have departed from the assumptions
for dB HL measures (Seewald and Scollie, 1999).
However, many clinicians wish to report the test
findings in dB HL. Recognizing this need, we de-
veloped and have implemented the following so-
lution in the DSL software systems (Seewald et
al., 1993 and 1997). 

In our recommended protocol for fitting am-
plification in infants, both thresholds and RECDs
are measured with the infant’s custom earmold
coupled to an insert earphone. The RECD mea-
sure (ie, customized transform) captures the

unique acoustic signature of the custom earmold.
The DSL software corrects for the acoustic differ-
ence between the infant’s RECD with the custom
earmold and the average adult RECD measured
with a standard foam tip. This correction factor
is then applied to the measured threshold values
in deriving a set of predicted HL values (HLp; also
called “equivalent adult hearing level”, Dillon,
2001). These HLp values are reported in the
Auditory Area window of the DSL software sys-
tem (see Figure 5). Note that the Auditory Area
window also provides the user with the predicted
ear canal SPLs at threshold across frequencies.
The HLp values can then be transferred to a con-
ventional audiogram and provide an estimate of
an infant’s HL thresholds over time and are not
influenced by changes in external ear geometry.
Thus, in summary, the DSL software system pro-
vides the clinician with threshold estimates both
in dB SPL (ear canal level) and, under specific
measurement conditions, in predicted HL (HLp). 

As shown in Figure 6, the results of data entry
(ie, thresholds and RECDs) and data transforma-
tion can be plotted graphically in the DSL®[i/o]
v4.1 software system. Specifically, this graph
shows (from bottom to top), average normal
hearing sensitivity (ie, minimum audible pressure
[MAP]), the child’s predicted thresholds across
frequencies, and the predicted upper limit of com-
fort in dB SPL (ear canal level) as a function of
frequency. The DSL[i/o] algorithm uses the
threshold values shown in this figure to select a
set of hearing instrument electroacoustic charac-
teristics for this child. 
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Figure 4. Assessment data entry window from the
DSL®[i/o] v4.1 software system. 

Figure 5. The Auditory Area window from the DSL®[i/o]
v4.1 software system. Values are shown for the predicted HL
(HLp) thresholds in addition to the predicted ear canal SPL
values.



From our perspective, an important limitation
of the approach advocated by Marcoux and
Hansen (ie, use of HLp only) is that it creates the
quintessential “apples and oranges” problem
where audiometric data are expressed using one
metric (dB HL) with hearing instrument perfor-
mance measures expressed using another (dB
SPL). An important goal of pediatric hearing in-
strument fitting is to ensure that we have
achieved a good match between the amplification
characteristics of hearing instruments and the au-
ditory characteristics of infants and young chil-
dren so that the use of residual auditory capacity
can be maximized. When the metrics used for ex-
pressing hearing instrument performance charac-
teristics and an infant’s auditory characteristics are
different (ie, dB HL and dB SPL), it is difficult, if
not impossible, to know about the important in-
terrelationships between these two sets of vari-
ables. If one is willing to depart from adult refer-
enced audiometric values, the relative advantages
of using a common point of reference (ie, ear
canal SPL) to define all relevant audiometric and
electroacoustic variables can be realized. 

Specification of Desired Hearing
Instrument Performance

The second major issue that Marcoux and Hansen
tackle in their article addresses the specification
of electroacoustic performance criteria for fitting
infants and young children with amplification.
They state the problem by observing that, “A
hearing aid which is set to give a certain amount
of output/gain in the ear of an adult person will
typically produce a higher output level in the ear
canal of a child, just because of the smaller di-
mensions of the child’s ear canal.” This, of course,
is not a recently identified problem. We agree
that external ear acoustics must be systematically
accounted for in electroacoustic selection for in-
fants and have developed and evaluated proce-
dures that directly deal with these concerns
(Bagatto, 2001; Bagatto et al., 2002; Moodie et
al., 1994 and 2000; Seewald et al., 1999; Sinclair
et al., 1996). 

Acoustic Transforms in Hearing
Instrument Fitting

The problem that Marcoux and Hansen discuss is
that, in the electroacoustic selection stage of the
fitting process, we are interested in specifying the
levels of sound in two different locations (ie, the
2 cc coupler and the infant’s occluded ear canal).
The application of appropriate acoustic trans-
forms can assist the clinician to answer the fol-
lowing important questions both at the selection
and verification stages of the fitting process:

1. Selection: If I know (have specified) the levels
of amplified sound that I want to deliver into
an infant’s ear canal (for a given set of inputs),
what are the equivalent levels of sound that I
want to measure in a 2 cc coupler? 

2. Verification: If I know (have measured) the lev-
els of amplified sound in a 2 cc coupler (for a
given set of inputs), what levels of amplified
sound will be delivered into the occluded ear
canal of the infant by this hearing instrument? 

The general application of acoustic transforms in
the hearing instrument fitting process is illustrat-
ed in Figure 7. The variables that comprise the
transform depend on the variable under consid-
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Figure 6. SPLogram from the DSL®[i/o] v4.1 software
system showing (from bottom to top) average normal
hearing sensitivity (MAP) [��-��], the child’s thresholds 
[��-��] and the predicted upper limit of comfort [�-�] in
dB SPL (ear canal level) as a function of frequency.
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eration (eg, real-ear aided response for a 90 dB
narrowband input signal [REAR-90], real-ear
aided gain or output for a speech-level input
[REAG or REAR]) as well as the type of instru-
ment to be fitted (eg, behind-the-ear, completely-
in-the-canal). However, once the variables are
known, it is possible to accurately transform elec-
troacoustic variables between these two locations
of interest with ease. Within the following section
we describe how the issues raised by Marcoux
and Hansen are resolved, rather simply, through
the application of acoustic transforms within the
DSL method.

Electroacoustic Selection Procedures

Recall that the threshold estimates for the infant
or young child in dB SPL (ear canal level) are
used by the DSL[i/o] algorithm to calculate tar-
gets for hearing aid performance. We have plot-
ted the results of this process in Figure 8 for this
example. Note that, in addition to the child’s
thresholds, the graph shows a set of target values
for the amplified long-term average speech spec-
trum (LTASS) and target levels for limiting hear-
ing instrument output. All variables shown in this
figure are plotted in dB SPL (ear canal level) as a
function of frequency. When fitting wide dynam-
ic range compression instruments, the software
also produces target values for low-level and
high-level speech inputs. Note that at this point
in the process, we have defined the electroa-
coustic performance criteria for the child in terms
of the REAR and the REAR-90 with both variables
expressed in dB SPL (ear canal level). By sub-
tracting the assumed speech input levels, it is also
possible to define the desired response character-
istics in terms of the real-ear aided gain (REAG)
as a function of frequency. 

At this stage in the fitting process, it is helpful
to redefine the desired hearing instrument per-
formance characteristics in terms of the equiva-
lent 2 cc coupler levels. This facilitates hearing
instrument selection from manufacturers’ specifi-
cations and subsequently facilitates the process of
verifying hearing instrument performance. Figure
9 illustrates how the DSL software system trans-
forms the desired hearing instrument perfor-
mance characteristics from the real-ear values to
the 2 cc coupler. It can be seen in this figure that
the appropriate acoustic transform is subtracted
from the real-ear values to derive a set of 2 cc
coupler target values. Two variables comprise the
transform that is applied, including the head dif-
fraction/microphone location effect and the
RECD, for converting the target values from the
real-ear aided response (or real-ear aided gain)
to the 2 cc coupler. Whenever possible, the in-
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Figure 7. Illustration showing the general application of
acoustic transforms in the hearing instrument selection and
fitting process.

Figure 8. SPLogram from the DSL®[i/o] v4.1 software system
showing (from bottom to top) average normal hearing
sensitivity (MAP) [��-��], the child’s thresholds 
[��-��], the targets for the amplified long term average speech
spectrum (LTASS) [+-+], and the predicted upper limit of
comfort [�-�] in dB SPL (ear canal level) as a function of
frequency.
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fant/child’s RECD measured with the custom ear-
mold is applied. In this way, the acoustic proper-
ties of the infant/child’s occluded external ear
have been accounted for within the electroa-
coustic selection process. If an RECD measure-
ment has not been obtained, the software system
applies a set of age-appropriate values (Bagatto
et al., 2002). However, in view of the relatively
large variability in RECDs between subjects with-
in the infant population, it is recommended that
individual RECD measurements be obtained when-
ever possible (Bagatto et al., 2002). 

The end result of the real-ear value to 2 cc
coupler transformation is shown in Figure 10.
This figure, from the Hearing Instrument Specif-
ication Window of the DSL®[i/o] v4.1 software
system, provides the clinician with 2 cc coupler
values for the prescribed output sound pressure
level for a 90 dB input (OSPL90), full-on gain,
gain at user settings and compression ratios as a
function of frequency. We have derived this in-
formation by entering the child’s thresholds,
RECDs, and the type of instrument to be fitted
into the software. By using the child’s RECD,
preferably measured with the custom earmold,
we have accounted for the unique acoustic char-
acteristics of the child’s occluded ear canal. 

In their article, Marcoux and Hansen correct-
ly observe that the real-ear unaided gain (REUG)
in infants and young children does not approxi-
mate average adult values (Kruger, 1987). This
creates a problem when insertion gain procedures
are used with children. The average adult REUG

is typically used in computing hearing aid targets,
while individual REUG measures are used during
probe microphone verification. This mismatch
poses rather large potential errors for the pedi-
atric population (Scollie and Seewald, 2002a). 

As a solution to this problem, Marcoux and
Hansen propose the concept of insertion gain for
(pediatric) restored output (IGRO). They define
IGRO as the insertion gain that the hearing aid
needs to produce for a child in order to give the
same “restored” output sound pressure level at
the eardrum in the child as would be measured at
the eardrum of an average adult with the hear-
ing aid set to the corresponding equivalent adult
insertion gain. This is an accurate solution to the
specific problem of generating accurate prescrip-
tive targets for hearing aid performance. 

We, however, see two potential areas for con-
cern. First, few pediatric audiologists perform
real-ear measures of hearing aid performance
with infants and young children (Arehart et al.,
1998; Hedley-Williams et al., 1996). This is not
entirely surprising, because it is unrealistic to ex-
pect young children to sit still and face a loud-
speaker for repeated real-ear measurements.
Second, with this population, we need to minimize
the number of different measurements required to
proceed efficiently through the fitting process. The
child’s measured REUG cannot be used in trans-
forming any audiometric data from TDH or insert
phone testing. Recommendations suggest that we
use these transducers, rather than testing in sound
field, to obtain ear-specific assessment data prior
to hearing aid fitting (Pediatric Working Group,
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Figure 9. Illustration of the process of transforming
the desired real-ear hearing instrument performance
characteristics from the real-ear to the 2 cc coupler. 

Figure 10. The Hearing Instrument Specification window from
the DSL®[i/o] v4.1 software system. Values are shown for the
prescribed 2 cc coupler saturation sound pressure levels, full-on
gain, user gain, and compression ratios across frequencies.



1996). Maximum clinical utility is obtained by
choosing a transducer and transform combination
that may be used for both audiometric and hear-
ing aid transforms. In all cases, this is the insert
earphone. The rationale for this statement is dis-
cussed in further detail below.

Verification of Hearing Instrument
Performance

The primary aim of the verification stage of the
fitting process is to determine the extent to which
real-ear hearing instrument performance corre-
sponds to the desired characteristics that have
been selected for a given infant or young child.
The specific verification procedures that are ap-
plied clinically will depend on how the desired
performance characteristics have been specified
(eg, REIR, REAR) as well as the capabilities and
characteristics of the infant or young child to be
fitted.

In our view, the verification of hearing in-
strument performance is critical in the pediatric
hearing instrument fitting process. As one of us
recently stated “. . . whether it be an ear trumpet,
an analog or a high-end digital instrument, it is
the audiologist who is ultimately responsible for
the appropriateness and accuracy of the hearing
instrument fitting. The responsible audiologist
wants to know as much as possible about the lev-
els of sound that are delivered into the ears of in-
fants and young children. To this end, the audi-
ologist must apply comprehensive, evidence-
based verification strategies that are compatible
with the characteristics and capabilities of this
unique population,” (Seewald, 2001). We will
conclude by describing the procedures we rou-
tinely use and recommend for verifying hearing
instrument performance with infants and young
children.

DSL Software Implementation:
Verification Procedures

For reasons we have described elsewhere (Scollie
and Seewald, 2002a—see also Ching and Dillon,
this issue), we abandoned the routine use of con-
ventional insertion gain measures with infants
and young children some years ago. Subse-

quently, we developed and have validated an al-
ternative approach to hearing instrument verifi-
cation specifically for pediatric applications
(Moodie et al., 1994; Seewald et al., 1999).

Over the years, this verification procedure has
been called either “coupler-based” or a “simulated
real-ear” approach to electroacoustic verification.
In essence, an appropriate acoustic transform that
incorporates the infant/child’s measured RECD is
used to convert the results of electroacoustic mea-
surements obtained in the 2 cc coupler in pre-
dicting the real-ear equivalents. This process is il-
lustrated graphically in Figure 11. Note that the
acoustic transform is now added to the 2 cc cou-
pler-based performance measures to predict how
the hearing instrument will perform when fitted
to the ear of the infant or young child. Also note
that when the infant/child’s RECD has been mea-
sured with the custom earmold, the transform
that is applied has been individualized for the in-
fant being fitted.

Our research has shown this approach to elec-
troacoustic verification has very high predictive
validity (Seewald et al., 1999) and offers several
advantages relative to alternative procedures.
First, the variability associated with conventional
sound field probe-microphone measures is elimi-
nated. Second, electroacoustic performance is
measured under the highly controlled acoustic
condition of the hearing instrument test chamber.
Finally, the infant or child need not be present for
the often-lengthy electroacoustic fine-tuning
process. This significantly reduces the amount of
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Figure 11. Illustration of the process of transforming the
measured 2 cc coupler performance of a hearing instrument to
predict how the instrument will perform when fitted to the ear 
of an infant or young child. 



measurement-related time that the infant or child
needs to spend in the fitting process.

When this method is used, the steps in the
verification process are as follows. First, a hearing
instrument is selected which should provide a
good match to the desired electroacoustic char-
acteristics. Second, all electroacoustic response
shaping is performed within the hearing instru-
ment test chamber until the best match to desired
performance is obtained. Third, the 2 cc coupler’s
performance at the final settings for both gain
and maximum output is entered into the DSL
software system. Finally, the software transforms
the 2 cc coupler-based measures to predict how
the hearing instrument will perform when fitted
to the infant’s ear. The end result of this process is
illustrated in the SPLogram shown in Figure 12.

This graphic presentation allows the clinician to
compare the predicted performance of the instru-
ment to the desired or target values. Note that,
because a common reference is used (ie, dB SPL
in the ear canal), one can directly study the pre-
dicted hearing instrument performance relative
to the threshold estimates that were entered into
the software at an earlier stage in the process. It is
not possible to perform this type of comparison
using insertion gain data. The same approach to
hearing instrument verification (ie, simulated
real-ear) is now fully implemented on several
commercially available hearing instrument test-
ing systems.

The verification stage is essential for ensur-
ing that consistent audibility is provided to all
children. In the current clinical environment, it
is becoming more common to automatically fit
digital and programmable hearing aids to the
manufacturer’s recommended settings, without
measuring the actual hearing instrument’s per-
formance. This fitting strategy can create a fit-
ting that provides less audibility for speech than
the clinician intended (Lewis et al., 2002). This
is as great a concern to us as any of the assess-
ment and specification concerns discussed in
this issue. 

To illustrate, we have compared the hearing
aid responses from three digital hearing aids if fit-
ted to one manufacturer’s algorithm versus those
from the DSL [i/o] (Seewald et al., 1997) and
NAL-NL1 (National Acoustic Laboratories, 2002)
methods. In all cases, the hearing aids have been
fitted for a flat 50 dB HL audiogram, using wide
dynamic range compression circuitry. We sum-
marized the speech audibility across conditions
by computing the speech intelligibility index
(SII) resulting from each fitting, for soft, aver-
age, and loud speech inputs (American National
Standards Institute, 1997). The SII value ranges
from 0 to 1, and represents the amount of the
speech envelope that is audible to the listener.
Figure 13 shows that, particularly for low-level
speech, the various fitting procedures produce
SII values that vary by greater than 30%. These
inconsistencies are large enough that behavioral
differences may result, particularly for low-level
speech signals. Assuming that the goal of hearing
aid fitting is to ensure consistent audibility across
listening conditions, the effects of choosing dif-
ferent prescriptive goals must be considered.
Further, verification that these goals have been
achieved is essential.
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Figure 12. SPLogram from the DSL®[i/o] v4.1
software system showing (from bottom to top) average
normal hearing sensitivity (MAP) [��-��], the child’s
thresholds [��-��], the targets [+-+] and hearing aid
responses [�-�] for the amplified long term average
speech spectrum (LTASS), and the predicted upper
limit of comfort [�-�] and the predicted corresponding
Real-Ear Aided Response for a 90 dB input [�-�] in 
dB SPL (ear canal level) as a function of frequency. 



Summary Statement

At present, the fitting software provided by
some hearing instrument manufacturers does
not account for the pediatric-specific issues that
Marcoux and Hansen discuss. Consequently,
when working with young infants in particular,
one cannot assume an accurate fitting by simply
entering dB HL threshold values into the soft-
ware and selecting the “quick fit” function.
Marcoux and Hansen have raised several im-
portant issues in their article and we are
pleased to see serious concerns for these issues
expressed by a manufacturer of hearing instru-
ments. In our view, all who are involved in the
delivery of hearing health care to infants and
young children, including clinicians, re-
searchers, and hearing instrument manufactur-
ers, need to work cooperatively toward the de-
velopment and uniform application of effective,
evidence-based strategies in this important
work. Ultimately, this should be the goal of our
collective efforts. The long-term implications of
the fitting decisions we make are too important
for anything less.
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